Abstract: Two experiments were carried out to determine the chemical composition of okara and to evaluate the performance and carcass yield of broilers fed diets containing increasing levels of okara. In experiment 1, a total of 72 21-d-old Cobb male broilers were distributed in an entirely randomized experimental design consisting of three treatments and four replicates of six birds each. The energy in okara was 2972 kcal of AME kg −1 , with an apparent metabolizable energy (AME) coefficient of 60.72 (% dry matter). In experiment 2, a total of 840 male Cobb male chicks were distributed in an entirely randomized experimental design consisting of six treatments (0.0%, 2.5%, 5.0%, 7.5%, and 10% okara inclusion) and six replicates of 28 birds each. The inclusion of increasing levels of okara from 1 to 21 d of age linearly reduced (P < 0.05) weight gain and feed intake, without affecting (P > 0.05) feed conversion, carcass, breast, drumstick, and thigh yields at 42 d of age. Economic analysis indicated that a 10.0% inclusion level of okara in broiler diets during the starter phase produced the best economic results.
Introduction
Brazil's poultry industry is an important player in the country's economy, with an estimated production of 12.8 million tons in 2011, placing Brazil first among exporting countries, with 31% of production destined for foreign markets (AVISITE 2012) . Diet is the factor that most influences the total production cost of poultry farming. Thus, by-products from grain processing, such as okara, which results from the production of soybean aqueous extract (soybean extract), could be used to decrease poultry production costs while also reducing the environmental impact of improperly discarding these residues.
Processing 1 kg of soybeans to produce soybean aqueous extract yields 1.1 kg of fresh okara; dehydrating it results in approximately 250 g of dried okara (Bowles 2005) . The composition of okara ranges between 20% and 47.3% protein and 9.3% and 22.3% lipids, and contains high amounts of isoflavones and the polyunsaturated fatty acids, linolenic acid, and linoleic acid (O'Toole 1999; Bowles and Demiate 2006) . While evaluating up to 10% inclusion of okara in broiler diets, Tarachai and Yamauchi (2001) obtained a value of 2700 kcal of metabolizable energy (ME) kg −1 of dry matter (DM) and demonstrated that birds fed between 5% and 20% okara showed higher weight gain and improved feed conversion compared with the group fed an okara-free diet, whereas Farhat et al. (1998) obtained a value of 1572 kcal of ME kg −1 of DM for 3-wk-old ducks. Considering the nutritional value and availability of this residue, the objective of this study was to determine the energy and protein content of okara and to evaluate its use in the diet of broilers between 1 and 21 d of age on performance, carcass yield, intestinal morphometry, and blood parameters at 21 and 42 d of age.
Materials and Methods
The experiments were carried out in the Poultry Farming Sector at the Experimental Farm of Maringá State University, as approved by the Ethics Committee for Animal Research-CEEA/UEM (record no. 034/2011).
Experiment 1-Digestibility assay
A total of 72 21-d-old male broilers were housed in galvanized wire battery cages. The experimental design was entirely randomized with three treatments (reference feed and test diets: reference feed + 20% or 40% okara) and four replicates with six broilers in each. The okara was dried at ambient temperature in the shade, then milled, and used to partially replace the reference feed (RF), based on corn and soybean meal (45%), by 20% and 40% (natural matter). The experimental diet (Table 1) was formulated considering the nutritional requirements of male broilers according to Rostagno et al. (2011) .
Amino acid (AA) analyses (method 994.12) and determination of crude protein (CP) composition (method 968.06) were performed for okara before feed formulation according to AOAC (2006) procedures. Digestible AAs' values for okara were calculated using digestibility coefficients (Rostagno et al. 2011 ) and results of total AA composition analysis.
The experimental period lasted 10 d (5 d for adjustment + 5 d for excreta collection), and during that period, birds received feed and water ad libitum. Feed was weighed at the start and end of the full collection period to determine mean feed intake.
The traditional method of excreta collection was used, with ferric oxide (2%) serving as a marker at the start and end of collection. The cages were outfitted with plastic-covered trays, which were removed during each collection (at 12-h intervals) to collect the excreta. After leftover feathers, feed and skin sloughing were removed, and the collected material was stored in a freezer until the end of the full collection period. Later, the excreta were thawed, homogenized, weighed, and oven dried for 72 h at 55°C. Next, they were milled and sent for analysis of DM, gross energy (GE), and nitrogen (N). Laboratory analysis of the okara, diets, and excreta were carried out according to the methodology described by Silva and Queiroz (2004) . GE values were determined using an adiabatic bomb calorimeter (Parr Instruments Co.).
After laboratory analysis results were obtained for the RF, test feed, and excreta, the values of apparent metabolizable energy (AME) and nitrogen-corrected apparent metabolizable energy (AMEn) were calculated using the equation in Matterson et al. (1965) . 
Experiment 2-Performance
A total of 840 male Cobb broiler chicks were distributed in an entirely randomized experimental design consisting of six treatments (0.0%, 2.5%, 5.0%, 7.5%, and 10% okara inclusion) and six replicates with 28 birds in each.
From 1 to 21 d of age, the birds received nutritionally similar experimental diets with varying levels of okara, and from 22 to 42 d of age, all birds received the same diet ( Table 2) .
The values obtained in the digestibility assay and chemical composition analyses of okara were used to include it in the nutritional composition of the diet. The chemical composition of the okara used to prepare the diet was 95.35% DM, 35.64% CP, 21.50% ether extract (EE), 12.67% neutral detergent fiber (NDF), 12.16% acid detergent fiber (ADF), and 2972 kcal AME kg −1 of DM, obtained from a previously performed digestibility assay. Birds and experimental diets were weighed at 21 and 42 d of age to determine feed intake, feed conversion, and body weight gain. At 21 and 42 d of age, two birds per replicate were selected (mean ± 5%) and 5.0 mL of blood was collected from the jugular vein to determine serum levels of total cholesterol (mg dL −1 ) and triglycerides (mg dL −1 ) using enzymatic colorimetric assay (Gold At 21 d of age, two birds were selected per replicate (mean ± 5%), stunned by electroshock, and euthanized by decapitation. Next, the organs of the gastrointestinal tract (proventriculus, gizzard, pancreas, liver, and small and large intestine) were collected and weighed on a precision scale to the nearest 0.001 g, and the relative weight of each organ in relation to body weight was calculated using the formula (organ weight/body weight) × 100. An approximately 2-cm length of each segment of the small intestine was collected, considering the duodenum from the pylorus to the distal portion of the duodenal flexure, the jejunum starting at the distal portion of the duodenal flexure until Meckel's diverticulum, and the ileum from the cranial portion to the ceca. The samples were then cleansed with saline solution and placed in flasks containing a solution of 10% buffered formalin for tissue fixation. The sections were dehydrated in a series of increasing concentrations of alcohols, freeze dried in xylol, and embedded in paraffin. Semiseriate and crosssectional, 7-mm-thick, semiseriate histological sections were made, until five sections per slide were obtained, then stained using the hematoxylin-eosin method. IMAGE PROPLUS 4 computer imaging software was used for morphometric analysis. Sixty measurements were carried out (30 for villus height and 30 for crypt depth).
At 42 d of age, 12 birds were selected per treatment (mean ± 5%) for analysis of carcass and parts' yields and abdominal fat percentage. After a 6-h fast, the birds were stunned by electroshock, euthanized by decapitation, defeathered, eviscerated, and the carcasses weighed on a digital scale to calculate carcass and parts' yields. Abdominal fat was defined as that surrounding the cloaca, cloacal bursa, gizzard, proventriculus, and adjacent abdominal muscles, as described by Smith (1993) , it was then weighed and its relative weight was calculated in relation to dressed carcass weight.
The economic viability of including okara in the diets was determined according to the equation described by Bellaver et al. (1985) , which calculates the average cost in feed per kilogram of body weight.
The reference prices of live chicken and feed ingredients were taken from websites specializing in agricultural products in Paraná State, during the month of January, 2013. Average feed cost (AFC) was calculated according to the proximate composition of experimental diets of 1-to 21-d-old chickens. Average gross revenue (AGR) was obtained by dividing total bird weight gain by the price paid to farmers. Gross margin (GM) was the ratio of gross revenue (AGR) to AFC. The profitability index (PI) was calculated from the quotient of GM and AFC. PI indicates the rate of return of the employed capital.
The equilibrium point (EP) shows the exact volume of production at which there is zero return (AGR = AFC). In the present study, the economic approach considered only costs with feeding due to the scope of the research, not covering the other costs of production. Therefore, the EP is the weight gain required to cover feeding costs. In this case, only the partial EP was inferred.
The obtained results were analyzed using SAEG (1997). Following analysis of variance (ANOVA), whenever a difference was found, the degrees of freedom were decomposed into polynomials and analyzed by regression for the different relationships-linear or quadratic (P < 0.05). For the variables that showed quadratic responses, the point of inflection was calculated as the best relationship.
Results and Discussion
The results of chemical composition analysis of okara and the digestibility assay are shown in Table 3 . Okara contains 0.52% methionine, 2.58% lysine, 1.47% threonine, 1.85% valine, 0.28% tryptophan, 2.99% leucine, 1.31% tyrosine, 1.83% alanine, 2.26% arginine, 4.00% aspartic acid, 1.80% glycine, 1.69% isoleucine, 5.64% glutamic acid, 0.65% cysteine, 1.82% phenylalanine, 1.70% proline, 0.81% histidine, and 1.78% serine.
The CP content of okara was 21% lower than that of 45% soybean meal (Rostagno et al. 2011 ). The greatest difference between okara and soybean meal was in regard to tryptophan, with 55.5% less found in okara. The contents of lysine, methionine, and threonine varied by 7.52%, 13.33%, and 16.48%, respectively. When comparing the percentage of each AA in relation to total protein in okara and soybean meal, the variation was proportional to the lower protein content of okara.
Okara featured a 99.62% digestibility coefficient of CP, higher than that of 45% soybean meal (Rostagno et al. 2011) , which stood at 91.0%. Protein content, protein efficiency coefficient, and essential AAs of okara are usually higher than those of other soybean-based products, due to the heat process that soybean undergoes during processing of the soybean aqueous extract. This makes certain AAs more available, which in turn increases the digestibility of proteins and fats (O'Toole 1999); this can be confirmed by the urease activity index (UAI) of 0.08 mg of nitrogen, which is regarded as optimal. In this case, the UAI index is an indicator of the efficiency of the heat process that takes place during soybean processing, given that the urease in soybeans is thermolabile, making it possible to relate its enzyme activity to the presence of active antinutritional factors. The US soybean industry recommends a UAI between 0.05 and 0.20 mg N −1 (Bellaver and Snizek 1999), because higher or lower values can signify processing problems that result in nutritional losses, such as the destruction of essential AAs, including lysine, arginine, and histidine (Araújo 1995) . The digestibility coefficient of fat in this study (99.83%) was similar to that found by Farhat et al. (1998) in 7-wk-old Muscovy ducks (99.44%). The value obtained for AME was greater than that reported by Tarachai and Yamauchi (2001) , who found 2700 kcal of AME kg −1 of DM. The composition of okara features 19.83 mg 100 g −1 of phenolic compounds and 24.34 mg 100 g −1 of total isoflavones (aglycones), including 0.136 mg g −1 of daidzein, 0.0562 mg g −1 of glycitein, and 0.1498 mg g −1 of genistein, which act as antioxidants blocking oxidative degradation of lipids and improving the quality and nutritional value of feed items as breakers or scavengers of radicals, depending on their chemical structure (Rice-Evans 2001), and inhibit platelet aggregation and damage to red blood cells (Cheynier 2005) . They can also unleash changes in signaling pathways and gene expression during cell proliferation, cell apoptosis, and hormone metabolism (Chen et al. 2002) , and can have prooxidative effects in certain circumstances; moreover, they possess antimicrobial, antiviral, and stimulatory action in the immune system (Weiss and Landauer 2003) . Therefore, these substances improve animal immunity, intestinal health, and herd standards, reducing lipid oxidation processes in poultry meat and increasing product shelf life.
While evaluating mineral contents, our study found 0.26% Mg, 0.52% Ca, 0.98% K, 0.54% P, 206.65 mg Fe kg −1 , 8.45 mg Cu kg −1 , 29.10 mg Mn kg −1 , and 27.65 mg Zn kg −1 . The contents of calcium and iron found in okara were higher than those seen in 45% soybean meal (Rostagno et al. 2011 ). The remaining minerals (Mg, P, K, Cu, Mn, Zn, and N) were found at lower rates in okara. The mineral contents of the okara used in this study were higher than those reported by O'Toole (1999) .
It is noteworthy that the chemical composition of okara can vary according to soybean grain, the composition of which depends on the soil, climate, and soybean variety used during the process of preparing the aqueous extract. Moreover, several different processing conditions, such as the amount of water used for extraction of the soybean aqueous extract and the processing temperature can change the composition of okara (O'Toole 1999).
The results for weight gain, feed intake, and feed conversion of 1-to 21-d-old and 1-to 42-d-old broilers are shown in Table 4 . There was a decreasing linear effect (P < 0.05) for weight gain (y = 740.13 − 6.55x; R 2 = 0.92) and feed intake (y = 933.3 − 7.11x; R 2 = 0.81) in the period from 1 to 21 d of age.
Although weight gain was approximately 7% lower in animals fed diet including 10% okara compared with 0.0% and 2.5% inclusion at 21 d of age, the animals regained their average weight at 42 d, with no differences between animals receiving different levels of okara inclusion in the starter diet. There was a quadratic response (P < 0.05) to feed intake in the period from 1 to 42 d of age, in which the highest intake was observed for the 6.35% level of okara inclusion in feed (y = 4661.60 + 122.71x + 9.67x 2 ; R 2 = 0.58). The decline in weight gain between 1 and 21 d of age could have been due to decreased feed intake, which may have been related to the high insoluble fiber content of okara, as these fibers have been considered a diluent, or antinutritional factor, in the diet. The okara used in this study has 12.67% NDF and 12.16% ADF. High fiber content causes earlier satiety and reduces feed intake, and may also lead to greater development of the digestive tract (Scheideler et al. 1998; González-Alvarado et al. 2007 ). However, the relative weight of the gastrointestinal tract and length of the small intestine were not influenced by okara inclusion level at 21 and 42 d of age (P > 0.05), with the exception of the pancreas at 21 d of age (Table 5) . Pancreas weight at 21 d of age showed a linear increase (P < 0.05) depending on the level of okara inclusion (y = 0.37 + 0.01x; R 2 = 0.96). This increase in relative pancreas weight may have been due to the high protein content of okara and the fact that it has a higher protein digestibility coefficient as a result of heat processing. Furthermore, the presence of high lipid levels in okara, particularly those of polyunsaturated fatty acids, may lead to greater production of the enzyme lipase (Saxena et al. 2003) . The high levels of lipids and more digestible proteins could promote greater activity of proteolytic enzymes and lipase in the pancreas, possibly increasing its size.
The different levels of okara inclusion did not alter (P > 0.05) villus height, crypt depth in the duodenum and ileum, or the villus height:crypt depth ratio in the duodenum of animals at 21 d of age (Table 6 ). Changes were seen (P < 0.05) in the jejunum for villus height, crypt depth, and villus:crypt ratio at 21 d of age, showing a quadratic effect with the lowest values found at okara rates of 7.57%, 7.01%, and 8.25%, respectively. In the ileum, the villus height:crypt depth ratio showed a quadratic effect (P < 0.05), with the lowest levels seen at the rates of 6.94% of okara.
It is observed that levels close to 7.5% compromise the development of the intestinal mucosa. This effect may be related to the viscosity of the diet, given that nonstarch polysaccharides (NSP) cause alterations in intestinal morphometry, particularly during the early weeks of life for birds, when the size of digestive organs increases at a faster rate than the rest of the body (Gracia et al. 2003) . This may also be related to lower feed intake, and consequently, decreased fiber intake, resulting in lower rates of epithelial sloughing and a decreased effect on the villi, allowing them to grow (Arruda et al. 2003) .
Villus height, crypt depth, and the villus height:crypt depth ratio of the jejunum and ileum at 42 d were not significantly different (P > 0.05). In the duodenum, however, a decreasing linear effect (P < 0.05) was detected for villus height and crypt depth (y = 755.69 − 21.97x; R 2 = 0.95) and (y = 43.47 − 1.55x; R 2 = 0.87). Lower crypt depth is related to a reduced need for cell renewal, lowering protein, and energy expenditures (Miles et al. 2006) , which benefits animals as the energy and protein can then be used for growing other tissues.
Serum concentrations of total cholesterol (mg dL −1 ) and triglycerides (mg dL −1 ) of 21-and 42-d-old broilers (Table 7) did not differ (P > 0.05) among the different levels of okara inclusion. Serum levels of cholesterol and triglycerides did not differ due to the high rates of insoluble fibers in okara, which, according to Burkhalter et al. (2001) , did not influence serum cholesterol or triglycerides as did soluble fibers, because they do not bind to bile acids or cholesterol during the formation of micelles in the small intestine. No differences were observed (P > 0.05) in the yield of overall carcass, breast, drumstick and thigh, back, and abdominal fat percentage in broilers fed diets containing different levels of okara, slaughtered at 42 d of age (Table 8) . A quadratic effect (P < 0.05) was observed for wing yield (y = 9.60 + 0.37x − 0.03x 2 ; R 2 = 0.99), with the highest weight at 6.89% of okara inclusion in the diet. The higher wing yields may be related to the greater digestibility coefficient of protein and AAs found in okara compared with soybean meal in the control diet.
The analysis of economic viability (Table 9) showed that in the period from 1 to 21 d of age, the GM was positive in all treatments, with the highest rate found at the level of 2.5% of okara inclusion. Although the lowest cost of feed per kg of body weight for poultry is found at 10.0% of okara inclusion, the highest weight gain in birds took place at the inclusion level of 2.5%, producing the highest AGR at that rate. The PI indicated that the best results were found at the 7.5% level of okara inclusion, with a return of 118.57% for each monetary unit spent on feed. The lowest AFC at the 10% level of okara inclusion was determined by the lower intake shown by animals fed at this level.
The GM for all inclusion levels, except for 10%, surpassed the margin of the control feed. The PI was superior for all levels of okara inclusion when compared with the control, with the exception of the 5% level of inclusion, which showed no advantage over the control group. The EP of the 10.0% level of okara inclusion was determined to be the most advantageous. This EP indicates that it takes 0.3073 kg of poultry body weight to cover feed costs. Therefore, it can be concluded that the 10.0% level of okara inclusion showed the best economic results, making it economically viable during this stage.
Conclusion
Okara featured 2946 kcal of AMEn kg −1 of DM and 35.64% CP. Okara can be included up to 10.0% in broiler diet from 1 to 21 d of age without any adverse effects on performance, carcass yield, or blood parameters, and with improved economic indicators, making it economically viable. 
